Background: Hydatid liver cysts are rare in North America. The objective of this study was to determine the optimal surgical management for hydatid liver cysts treated outside endemic areas.
H
ydatid disease is an important parasitic ailment that affects primarily the liver in 75% of cases. 1 Most cases in humans are caused by Echinococcus granulosus or Echinococcus multilocularis, which account for cystic and alveolar echinococcosis, respectively. 1 The worldwide annual incidence of cystic echinococcosis is 1-200 per 100 000. 1 Dogs and other canids are the definitive hosts for the adult tapeworm, whereas ungulates (typically sheep) act as intermediate hosts by ingesting shed eggs. 1, 2 Humans living in proximity to definitive and intermediate hosts can become accidental intermediate hosts by the same mech an ism. Hydatid disease is endemic in many sheep-and cattle-raising parts of the world, namely Mediterranean countries, the Middle East, Eastern Europe and South America.
The management of hydatid cysts of the liver is controversial. Therapeutic options can be broadly divided into 3 categories: medical treatment, conservative surgery and radical surgery. Medical therapy, using the antihelminthic agents albendazole or mebendazole, has been recommended for asymptomatic and uncomplicated cysts smaller than 5 cm. 2 Conservative surgical options include external drainage and unroofing procedures in addition to various types of residual cavity management strategies. Radical surgical options include formal liver resection and complete pericystectomy.
The surgical management of hydatid liver cysts is most common in endemic regions of the world. Not surprisingly, surgeons in these areas have accumulated extensive experience and reported large series of patients, documenting recurrence rates of 7.7%-30% and morbidity of 21%-80% with conservative surgical therapies. [3] [4] [5] [6] In contrast, liver surgeons working in Western centres -particularly North American hospitals -can be expected to treat only a handful of such patients over the course of their careers. [7] [8] [9] [10] [11] In this context, it becomes particularly important to define surgical treatment strategies that are specific to the expertise of Western liver surgeons, which is lacking in the literature. We sought to review a single North American tertiary care centre's experience with patients who underwent liver surgery for hydatid cysts of the liver.
Methods
This work was a retrospective review of our institutional experience with hydatid disease of the liver. All consecutive patients who underwent inpatient management or day procedures for hydatid liver cysts at our provincial referral hepatobiliary academic unit were included . The Centre Hospitalier de l'Université de Montréal Research Center Ethics Committee approved our study protocol.
In order to identify study patients, we searched discharge abstracts for diagnoses of hydatid disease based on the International Classification of Diseases (ICD)-10 (codes 122.8, 122.9) and ICD-9 (codes B67.8, B67.9). All other patients treated with albendazole were identified through the pharmacy database, as this drug is not approved for routine use in Canada and is thus dispensed on an individual patient basis after approval by Health Canada. Individual surgeon records were also mined for any missing cases. Cases of hydatid liver cysts were defined on the basis of characteristic imaging findings, ecchinococcal serology, microscopic identification of scolices within cyst fluid and pathological examination of resected specimens. We retrieved the medical records of potential study patients and checked them manually for inclusion. Relevant data pertaining to each study patient were extracted from the medical records and entered into a computerized data set. Data points of interest included patient demographics, preoperative features (serology, imaging, medical therapy), operative features (type of surgery, precautions specific to hydatid disease, cholangiography, complications, blood loss, duration) and postoperative features (length of stay, complications, pathology, recurrence, serology). No imaging classification of hydatid liver cysts was used at our centre during the study period, as such cysts are too infrequent in North America.
Indications for surgical treatment were based on World Health Organization recommendations. 12 Briefly, surgery was indicated for large liver cysts; symptomatic cysts; cysts at risk of rupture; infected cysts; and cysts demonstrating or at risk for fistulization into the biliary tree, diaphragm/ pleural cavity or other vital organs. Completely calcified cysts were not routinely treated. In general, complete surgical resection was the preferred treatment option at our institution. Pericystectomy was not performed owing to our lack of experience with this procedure. Combinations of resection and marsupialization/drainage were used when the entire burden of hepatic cysts could not be safely resected owing to anatomic location or concerns regarding the volume of the future liver remnant. Associated surgical procedures were performed based on the anatomic location of individual cysts and evidence of fistulizing disease on preoperative imaging. Diaphragmatic resection and primary repair was carried out whenever the cyst appeared to have invaded or be adherent to the diaphragm. Percutaneous puncture-aspiration-injectionreinjection (PAIR) was not performed at our institution except in patients who were deemed not to be surgical candidates.
Based on the Brisbane 2000 terminology, 13 formal liver resection was defined as the complete surgical excision of all hydatid cysts within the liver. In practice, this approach involved resective principles similar to those used in oncologic liver surgery, with resection of the entire cyst, including at a minimum its laminated membrane and typically including the pericyst into healthy parenchyma to achieve a negative resection margin. When the cyst was initially too bulky to allow for safe liver resection, the cyst was incised and drained using a large-bore gynecologic suction aspirator. The cyst cavity was then filled with hypertonic saline and allowed to sit undisturbed for 10-15 minutes. In all cases, we took precautions, including isolating the liver with laparotomy pads soaked in hypertonic saline and suturing a plastic sterile drape to the apex of any cyst before suction aspiration, to avoid intra-abdominal spillage of cyst contents. Marsupialization involved the drainage of the cyst contents, unroofing of the cyst wall as much as possible and oversewing of the remaining wall circumference to avoid its reaccumulation. Operative drainage consisted of evacuation of the cyst contents in a manner analogous to PAIR.
Preoperative or postoperative antiparasitic agents were routinely administered after consultation with an infectious diseases specialist. All postoperative complications were recorded and graded according to the Clavien-Dindo classification.
14 Follow-up after surgery was at the surgeon's discretion and was typically carried out in conjunction with the infectious diseases consultant. Disease recurrence was defined on the basis of evidence of 1 or more novel hydatid cyst on highquality imaging, as interpreted by experienced abdominal radiologists.
Statistical analysis
We compared patients treated between 2003 and 2012 with those treated between 1988 and 2002. We generated summary statistics as proportions for categorical variables and as medians with interquartile ranges for continuous variables. Cyst recurrence was examined using the Kaplan-Meier and actuarial life tables methods, using the time from definitive surgery to recurrence in months. Dichotomous outcomes were compared using the Fisher exact test, and time-to-event data were compared using the log-rank test. All statistical analyses were performed using SAS software version 9.2 (SAS Institute Inc.).
Results
Forty patients with hydatid liver cysts underwent surgery, 20 of which took place in the last 10 years (Table 1) . Most patients were men and were of Mediterranean, MiddleEastern and Canadian origin. Most patients presented with nondifferentiated abdominal pain and underwent a combination of ultrasonography and computed tomography of the abdomen to make the diagnosis of hydatid liver cyst. Preoperative ecchinococcal serology was available for 37 patients and was positive in 68%. The characteristics of all hydatid cysts are presented in Table 2 . The majority of patients had a single hydatid cyst, whereas 10% had 4 or more concomitant cysts. Bilobar disease was found in 11 (28%) patients, 73% of whom had 2 or more cysts.
In total, 95% of patients underwent medical therapy: 67% (n = 26) in the preoperative phase, 87% (n = 34) in the postoperative phase and 60% (n = 24) in both the preand postoperative phases. All but 1 patient were treated with albendazole (1 patient was treated with mebendazole). The 3 patients who did not receive medical therapy were treated before 1992.
All patients included in this series underwent surgical therapy (Table 3) ; 33 (83%) patients underwent liver resection with or without marsupialization/drainage. Conservative therapy (drainage or marsupialization) was carried out as the sole procedure in 7 (18%) patients. Radical liver resection was the sole form of surgical therapy in 60% of patients. Of the 24 patients who underwent radical liver resections, 19 had major and 5 had minor hepatectomies. The 9 patients who underwent combination liver resection and marsupialization/drainage had an additional 3 major and 6 minor liver resections. All but 1 patient who underwent resection and marsupialization had bilobar disease. Hypertonic saline was administered in 32 (80%) patients. In 20 (50%) patients, an additional 34 procedures (excluding intraoperative ultrasonography) were performed during the same anesthetic (Table 3) . These pro ced ures were uniformly associated with anatomic or technical challenges associated with individual cysts, including fusion with the diaphragm (n = 8, 20%), paracaval/posterior location (n = 3, 8%) and concern over possible biliary fistulization (n = 12, 30%). The median duration of surgery was 295 (IQR 245-375, range 165-515) minutes. Intraoperative complications occurred in 7 (18%) patients; complications included hemorrhage (n = 2), minimal leakage of cyst contents controlled with hypertonic saline-soaked sponges (n = 3), hypotension suspected of being related to anaphylaxis (n = 2) and anesthesia-induced hypotension (n = 1). There was no difference in duration of surgery (p = 0.69) or operative complications (p = 0.63) between the study periods.
The median length of stay in hospital was 9. (Table 4) . Of the complications directly related to the liver surgery, wound infection was the most common, followed by bile leakage. One patient underwent percutaneous drainage of an infected liver bed collection that was attributable to a bile leak (grade 3a) and also experienced delirium following right hepatectomy (grade 1). Four other patients had bile leaks identified within closed suction drains. Of these, 1 patient was managed conservatively (grade 1), 1 required the addition of antibiotics (grade 2) and 2 required endoscopic retrograde cholangiopancreatography for definitive control (grade 3a). Finally, 1 patient required percutaneous drainage of a residual liver abscess (grade 3a) and another had a delayed percutaneous drainage of a large pleural effusion at 3 weeks (grade 3a). There was no significant difference in overall postoperative complications between radical and other liver procedures (54% v. 38%, p = 0.30). There was no significant difference in overall postoperative complication rates between study periods (50% v. 45%, p = 0.75) except for postoperative bile leakage (25% v. 0%, p = 0.047).
The preoperative diagnosis of hydatid liver cysts was confirmed at pathology and microscopic examination of cyst contents in all patients. The median follow-up after surgery was 39 (IQR 10-105, range 0.2-234) months. The Kaplan-Meier curve for recurrence-free survival is presented in Figure 1 , comparing radical resection and other procedures (log-rank test p = 0.002). The 3-year recurrence-free survival was 89% for the whole cohort, 100% for radical resection and 71% for other procedure types. Four (10%) patients experienced hydatid cyst recurrence at 4, 12, 24 and 71 months, respectively, after undergoing simple drainage (n = 1), liver resection/drainage (n = 1), and liver resection/marsupialization (n = 2). No case of recurrence occurred in patients who underwent radical resection (25% v. 0%, p = 0.020). There was no significant difference in the crude recurrence rate at maximal followup (p = 0.61) or in disease-free recurrence between the study time periods (p = 0.11).
discussion
This study has addressed the surgical management of hydatid liver cysts in the context of a Western tertiary hepatobiliary referral centre. This work has documented the relative rarity of liver surgery for ecchinococcal disease in North America and has also documented a high proportion of complicated cysts. Importantly, we have shown that long-term successful management of hydatid liver cysts can be achieved with radical liver surgery, demonstrating an acceptably low level of major postoperative morbidities and a low recurrence rate. The literature on hydatid liver disease is intensely driven by investigators from Mediterranean centres as a consequence of their extensive experience with this pathology. [3] [4] [5] [6] Over the years, a few contributions from Western centres have appeared, originating mostly in Europe. 7, 9, 10 In contrast, the North American experience with hydatid disease remains extremely limited owing to the rarity of this pathology and is restricted to rare series and occasional case reports. 8, 11 To our knowledge, the present series represents the largest combined surgical experience with hydatid disease of the liver in North America. Although the sample size presented in this work is small in comparison to large series from endemic areas, it is nevertheless highly important, as it portrays the work of trained liver surgeons with a wealth of experience in resective oncologic liver surgery but with limited experience with liver infestations. Moreover, the present series is unique in that it depicts a province-wide tertiary referral pattern within a city with steady immigration from Mediterranean and North African countries.
Despite the rarity of hydatid liver disease in nonendemic areas as well as the complexity of the procedures performed in this series, an acceptable rate of postoperative morbidity was achieved. Other series of liver surgery for hydatid disease have reported postoperative complication rates of 20%-49%. 3, 4, [7] [8] [9] [15] [16] [17] While the overall complication rate identified in this study (48%) was on the higher end of the previously published range, we argue that this is an acceptable morbidity rate. All recorded complications were classified as Clavien-Dindo grade 3a or less, with 76% of complications classified as grade 1 or 2. All surgical and medical complications were accounted for in our series in contrast to other studies that sometimes included only surgical or cyst cavity-related complications. In our series, the most notable complications were postoperative bile leaks in 5 patients, gastroparesis and/or ileus in 4 patients and wound infections in 7 patients -findings that are likely to be related to the complicated nature of cysts treated in this cohort.
Roughly half the patients included in this series required additional operative procedures related to complicated hydatosis. Additional procedures associated with complicated cysts were broadly classified as biliary fistulization (30%), diaphragmatic fistulization (20%) and paracaval fusion (8%). Biliary fistulization is a well-known complication of hydatid disease that is thought to occur in 6.6%-26% of patients. 18 The presence of a biliary fistula is in dependently associated with deep abdominal complications following hydatid surgery (odds ratio 2.27, 95% confidence interval 1.38-3.72). 15 Our results are consistent with those of other series. For instance, Secchi and colleagues 16 reported carrying out additional biliary procedures among 146 of 268 (54%) patients with complicated hydatid cysts, including bile duct exploration (52%), endoscopic therapy (17%) and enterobiliary anastomoses (31%). Kilic and colleagues 19 also reported a direct association between maximal cyst size and the likelihood of biliary-cyst communication, with 7.5 cm being the cutoff with the best predictive value (sensitivity 79%, specificity 73%). Chautems and colleagues 7 further reported that 71% of patients with complicated cysts were found at surgery to have a cyst-biliary fistula, as defined by the visualization of an open bile duct following removal of a cyst. Furthermore, this group also identified daughter cysts within the common bile duct in 50% of patients, who were treated by choledochotomy, clearance and T-tube placement. Diaphragmatic invasion was reported in 14% of complicated cysts within this same study. 7 Findings from the present study, as well as comparison to the literature, lend further support to the use of radical surgery, particularly formal liver resection, as a primary mode of therapy for complicated hydatid cysts. When this approach is deemed technically feasible and safe by experienced liver surgeons, it allows for the resection of both the cystic cavity and any area of fistulization.
This work has documented an excellent recurrence-free survival rate among patients treated with radical surgery as well as among those treated with a combination of surgery and drainage procedures. These data compare favourably with those reported by Tagliacozzo and colleagues, 3 who reviewed their experience with the surgical management of 454 patients with hepatic hydatosis. This group compared conservative (drainage, marsupialization, omentoplasty; n = 214) and radical surgery (resection, pericystectomy; n = 240), documenting recurrence rates of 30.4% and 1.2% (p < 0.001), respectively. Radical surgery was also associated with a much lower rate of postoperative morbidity (79.9% v. 16.2%, p < 0.001) and comparable mortality (6.5% v. 9.2%, p = 0.30). 3 In another study, Chautems and colleagues 7 reported on the surgical management of 35 patients with complicated cysts, achieving complete cyst removal in 69% of patients via hepatectomy (n = 12) or pericystectomy (n = 12). This strategy was comparable to our own, although it relied less heavily on formal hepatectomy, and achieved a 0% recurrence rate at a median of 103 months. More recently, Birnbaum and colleagues 9 reported on 97 patients with hydatid disease, 85 of whom underwent radical surgery (52 liver resections). While this group presented data in favour of radical resection, the median follow-up among those undergoing resection was only 1.5 months, thus limiting their conclusions on cyst recurrence. In contrast to these studies, other groups [3] [4] [5] 17, 20, 21 have documented variable but generally higher recurrence rates with conservative surgical procedures (11%-30%), highlighting the superiority of radical surgery in preventing recurrence of liver hydatosis. It should be noted that at least 1 group did not find any difference in recurrence rates between conservative and radical surgery after 10 years in a large cohort of 672 patients who underwent primarily conservative surgery (80%). 5 
